Nowadays, sustainable economic development is the key issue in the world.
Introduction
"Sustainable development" is a growing concern in the world since it was firstly proposed. In nature, to achieve harmony among society development, resources and environment requires the balance not only between economic develop ment and resources & environment protection but also the balance of current and future generations' development. Ch ina, as the largest developing country, places a high priority on economic develop ment, while environ ment protection is also taken into account. In recent years, Ch ina begins to increase R&D investment, introduce foreign advanced technology, adjust national industrial structure, and improve the environ ment fo r economic and social development in order to achieve the equality among economic g rowth, environmental quality and energy utilizat ion. However, currently China's mode of economic develop ment is extensive; in part icular, the inequality of economic structure is obstacles to its sustainable economic development. And this situation is becoming more and more severe.
Take Shandong Province for examp le, since the economic growth speed and scale have been rising unprecedentedly, Shandong' s GDP ranked third in China in 2008. However the dramatic increase in consumption of resources, low labor cost and large capital investment go along with the rapid economic growth. The secondary industry, especially construction industry has become the leading industry in most areas of the province (the proportion of secondary industry was up to 56%). And the industrial structure is inequality since the energy consuming industries account for a large proportion while service sector develops comparatively slowly. Meanwhile, the facts that lack of sufficient resources, large pollution discharge amount and environmental po llution are serious too. According to Science and Technology Depart ment of Shandong Province, the emission amount of sulfur dio xide, chemical o xygen demand, soot and industrial dust are ranked 1st, 6th, 7th and 10th place respectively in China. Shandong Province is the forefront of reform and opening up, and is similar to the national condition in terms of population size, resource endowment, economic aggregate, regional develop ment, industrial structure, rural -urban differences and momentu m of growth(Zhang Weiguo, 2010) [1] . In this sense, Shandong Province is a typical examp le of China in transition process. Therefore, an analysis of some issues in the economic development of Shandong Province is conductive to China's economic reform in the future.
Current situation of energy utilization, economic growth and environmental quality in Shandong Province
Since the reform and opening up policy was imp lemented in china fro m 1978, Shandong province has been experienced rapid ly development in social and economic. In 2009, Shandong' s gross domestic product (GDP) reached 3.38053 trillion yuan, which ranked 3rd all over the nation. Co mpared with the previous year, GDP grew by 11.9%. A long with the rap id economic growth, the demands for energy increase significantly. Currently, the main resources in Shandong Province are fossil fuel energy (coal, o il, natural gas and other non-renewable energy); furthermore, shortage of resources has become a big issue in recent years. From the aspect of total energy production and consumption amount, the amounts rise simu ltaneously and steadily and the growth rate of total energy consumption amount outweigh s that of total energy production amount. The total energy production basically met the energy consumption demands before 2003, but after 2003, the total energy consumption amount exceeded the p roduction amount.
For examp le, both coal production and consumption amounts have risen dramatically since 1990, but coal production amount doesn't meet the consumption demand. Especially in recent years, the gap has been becoming larger; the coal consumption amount is more than twice of coal production amount. Production capacity of crude oil in Shandong Province before 2003 was always more than the consumption volu me, while between 2003 and 2008 production amount of crude oil was less than consumption volume, which is similar to the condition of the whole country. Co ming to terms with energy structure, coal production volume accounts for more than 70% of the whole energy production amount since 2003; in addition, the proportion rises over time. At the same time, p roduction volume of crude oil declines steadily by 1%. In Shandong Province, the proportion of coal consumption is 70% to 80%, and proportion of crude oil consumption is 20% to 30%, but the proportion for hydropower is only 1%. Because of irrat ional energy production and consumption structure and low utilizat ion efficiency of resources, on the one hand, the energy production amount can not meet market demand; on the other hand, serious environmental pollution problems are inevitable. Meanwhile, as the government of Shandong province concerns about the issues of population, resources and the environment, so me measures are being carried out concerning energy saving and emission reduction in key industries and key enterprises, and some small pap er mills, small cement p lants in wh ich resources are wasted seriously are closed by law. In the 20th century, discharge volume of waste material and pollutants reached its peak in the late 90s, and then declined gradually. For examp le, sulfur dio xide emission amount, evaluation indicators of air pollution level declined fro m 2.47 million tons in 1997 to 1.69 million tons in 2002, discharge amount of soot fell fro m 1.30 million tons in 1995 to 0.46 million tons in 2007, and chemical o xygen demand (COD) which is the co mprehensive indicator of water pollution and ammonia emission amount decreased significantly over time.
Analysis on relationship between energy utilization, environmental quality and economic growth
Sustainable economic develop ment is main ly about balanced development of energy, economy and environment. A mong them, the energy is the necessary factor, and economic g rowth mainly depends on energy; economic growth is the prerequisite for energy development, while rapid economic develop ment makes large-scale development and utilizat ion of energy possible. Meanwhile, in the process of economic growth, if the resources are used excessively and a large number of pollutants are discharged, serious environmental pollution take place when the discharge volume exceeds certain natural limit. Therefore, in order to maintain the sustainability of economic develop ment, economic gro wth should not be achieved at the cost of environmental pollution, and utilization efficiency of resources needs increasing improvement.
In this paper, we examine the relationship between utilizat ion efficiency of resources and economic growth, as well as relat ionship between economic gro wth and environmental quality in Shandong Province using the data of total amount of energy use (unit: ten tons of standard coal), economic growth (GDP, We can see from Figure 2 (a) that both the economic growth rate and energy consumption amount in Shandong Province has been rising constantly since 1990. The coefficient of variable X (energy utilizat ion) is 0.96, wh ich is close to 1, and shows that an increase of GDP value of 100 million yuan costs about 10 000 tons of standard coal. According to other study, energy consumption amount for per one dollar in China is 11.5 times of that in Japan, 7.7 times of that in Germany, more than 4 times of that in the US. Therefore, the energy consumption volu me gap between Shandong Province and the developed countries is still relat ively larger. As economic gro wth heavily relies on energy in Shandong Province, the energy production volume can not meet demand of economic development; more energy resources transferred fro m other provinces are needed. It is reported that many coal enterprises in Shandong Province have obtained the right of prospecting coal in Shanxi, Shan xi, Gu izhou, Yunnan, Anhui, Qinghai, Hebei Province and Inner Mongolia, Xin jiang, Ning xia Autonomous Region and Australia and own coal reserve of mo re than 500 million tons. As economy develops, energy consumption amount continues to increase, while energy consumption amount per unit almost remains the same, hence the development model is not consistent with the concept of sustainable economic development.
Fro m another perspective, Energy consumption elasticity coefficient in Shandong Province between 2001 and 2008 is calculated (see Table 1 ). Tab le 1 show that energy consumption elasticity coefficient between 2001 and 2005 was mo re than 1, and almost remained stable. After 2006, energy consumption elasticity coefficients were always less than 1, and declined year by year. This shows that utilization efficiency of energy in Shandong Province before 2005 was low, and the economic develop ment main ly depended on high energy consumption. In Co mparison with developed countries in the same period, energy consumption elasticity coefficient in the Un ited States between 1973 and 1988 was less than 0.5, energy consumption elasticity coefficient for Japan at the same period was 0.32, and those for France and Britain were negative. We can find that Shandong Province fell behind developed countries in terms of utilizat ion efficiency of energy. However, after 2006, with implementation of national measures concerning industrial structure adjustment and energy saving, utilizat ion efficiency of energy in Shandong Province increases constantly over time. In 2008, the energy consumption elasticity coefficient was 0.38, which means utilization efficiency of energy is increasing.
Relevant theoretical studies already concluded that the overall environ mental quality fo r a country declines with economic development firstly, and then keep rising. At the early stage of economic development, economic growth causes environmental degradation; after a certain period of time, the economic develop ment is conductive to improve environmental quality. In early economic develop ment stage, the resource consumption rate is larger than the resource recycling rate, which results in increasing pollutants. When achieving a certain time , economic structures improve towards advanced industry and service sector, along with the increasing public environmental awareness, effective management measures, advanced technology and increasing spending on environmental protection, so environmental problem is solved gradually. When the income level exceeds the turning point of the Ku znets curve, environment quality begins to improve. In this regard, this article analyses the relationship between economic g rowth and environmental quality in Shandong. The model based on Grossman and Kruger (1995) [3] 
where E t is the level of environ mental pollution, y t is the real GDP per capita (base year is 1981), X t consists of other relevant variables, such as INS industrial structure , TRADE(trade volu me, yuan) and dummy variables (institutional factors, to assess impact of policies during "Tenth Five-year Plan" and "Eleventh Five-Year Plan"). In this paper, we use four indicators to measure E t , which are d ischarge amount of wastewater (E 1 ), discharge amount of sulfur dio xide (E 2 ), discharge amount of soot (E 3 ), discharge amount of solid industrial waste (E 4 ). Table 2 reports the first order serial correlation coefficients for each model. Considering the serial correlation coefficients, the specification in co lu mn (1) and (5) are based on Prais-Winsten estimat ion, all the other specifications provide the results of standard OLS estimate. Fro m the results, we can see real per capita GDP has non-linear relationship with overall level of environ mental pollution (S UM_E), but their relationship is not followed inverted U-shaped curve as in EKC theory. The correlat ion between real GDP per capita and d ischarge amount of wastewater (E 1 ) is similar. It means that discharge amount of wastewater first declines then increases along with economic develop ment if the other factors are constant, In other words, environmental quality will first improve then degrade as the economic developed. . When using the other three indicators, the estimation result indicates that, the correlation between GDP per capita and emission load is in accord with inverted U-shaped curve in EKC theory; and GDP per cap ita have apparent linear relationship with emission load of soot (E 3 ), while there is third-order non-linear relationship with emission load of industrial solid waste (E 4 ). In other words, as per capita income increases, emission load of soot will steadily grow, wh ile the growth of emission load of industrial solid waste is in "S" shape. The pattern is: grows rapidly first, then grows slowly, and grows rapidly again.
In our study, industrial structure is represented by the rate between industrial added value and GDP. The estimated results in Table 2 present that the change of industrial structure is negatively related to E 1 , but positively related to E 2 and E 3. This means that emission load of wastewater decline with increasing percentage of industrial added value in total GDP, while amount of sulfur dio xide and soot rise steadily. The Following are potential reasons may lead to this result: firstly, the wastewater includes industrial wastewater and urban sewage disposal in this paper, however, with the widely use of energy conservation technologies, the percentage of industrial wastewater declines steadily fro m 83.66% in 1981 to 60.63% in 1995, and then 49.31% in 2008. Secondly, the positive relat ionship between percentage of industrial added value and emission load of SO 2 and industrial dust is due to the inequality energy consumption structure which caused by irrational industrial structure in Shandong Province. For examp le, the main energy in Shandong Province is coal, and more than 50% of coals are directly co mbusted each year. SO 2 and dust emissions mainly co me fro m direct co mbustion of coals, thus coal-based energy consumption structure aggravate the air pollution situation (YU et al, 2006 [4] .
So far, there are three d ifferent views on the effects of free trade to environ ment. So me people believe that, free trade leads to negative environmental impact in both short term and long term, especially in developing countries Copeland and Taylor, 1995 [5] ; While other people hold the view that free trade cause negative environmental effect in the short term, but it will bring positive effect in the long term Dean and Gangopadhyay, 1997 [6] . And the third groups believe that free t rade is not closely related to the environment. For example, Perroni and Wig le( 2000) [7] point out that international trade has little effect on environmental quality, and changes in trade policies have insignificant influence on the welfare of environ mental policy. In this paper, we address that despite international trade has little effect on overall environ mental quality, but it is positively related with total discharge of sewage and negatively related with emissions of sulfur dioxide and soot.
In addition, we also estimated the relat ionship between nominal per capita inco me and environmental pollution (estimation result is not reported here. The results show that nominal GDP per capita has significant linear relat ionship with overall level of environ mental pollution, which is in line with Ku znets inverted U-shaped curve. As economic develop ment, total emission load of waste materials steadily grow.
When nominal per capita GDP reaches 84 435 yuan, then the total amount of emissions reaches the peak, and after that it will gradually decrease. At present, GDP per capita is 32 996 yuan in Shandong Province, if the province maintains economic growth rate of 10%. After 10 years, the total amount of emissions will decline slowly, thus environmental quality will improve gradually. Of course, as Grossman and Kruger (1995) [3] has pointed out, although some studies concluded that per capita income has inverted Urelationship with environ mental quality, we can not address that environmental quality will surely be improved automat ically after certain period of economic development. As for Shandong Province, in order to imp rove environment quality, the government should pay more attention to industrial restructuring, encourage the use of environmental technologies , and finally change the original environment sacrifice growth pattern during the process of economic development.
T able 2 Estimation results for relationship between environmental quality and economic development level Note Standard errors reported in parentheses; *, **, *** = significant at the1%, 5%, 10%-level; OLS = robust OLS regression; CO = Prais-Winsten AR (1) regression;
Conclusions and recommendations
This paper investigates the relationship between economic g rowth, environ mental quality and sustainable development in Shandong Province. The major findings are as follows. First, the relationship between nominal per capita income and environ ment quality is well illustrated in Kuznets inverted Ushaped curve, but discharge amount of SO 2 and real per cap ita inco me follows inverted U-shaped curve as in EKC theory. Discharge amount of soot and solid industry waste have linear and non -linear relat ionship with real per capita income respectively. Second, the economic gro wth in Shandong Province is h ighly dependent on natural resources . Although utilization efficiency of energy has increased steadily in recent years, the extensive pattern of economic develop ment has not been changed compare with developed countries. Third, irrational industrial structure in Shandong Province accounts for inequality energy consumption structure and declining environmental quality, thus the optimizat ion of industrial structure will directly have impact on progress of sustainable economic develop ment. Furthermore, with the rapid economic develop ment and implementation of measures on energy saving and industrial restructuring, discharge amount of industrial waste and pollutants will gradually decline. However as some pollutants increase with economic gro wth, the total amount of pollutants will reach a high point and environ ment pressure will be large in the foreseeable future. Based on the above conclusions, we believe that the following points should be emphasized in economic reform in Shandong Province. In the first place, raising environmental awareness among the general public is the key point to improve environ mental quality. Therefore, we must first enhance people's environmental awareness, and then find a p roper way to balance relat ionship between environmental protection and economic development. Moreover, we should adjust current industrial structure. Since Shandong Province is experiencing rap id economic development nowadays, the government should carry out policies to enhance industry concentration and encourage the development of high-tech industries, service industries which have low resource consumption so as to reduce industrial pollutants and environmental pressure. Lastly, create a sound institutional environment is very important to strengthen environmental pollution control. For example, the government can implement policies such as tax, interest discount, subsidies to encourage enterprises adopt energy saving, water saving technology or technological transformation, and make laws and regulations to gradually eliminate the technologies, products and behaviors which can cause environmental pollution.
